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MUCORALES-SPECIFIC T CELLS EMERGE IN THE COURSE OF INVASIVE MUCORMYCOSIS AND MAY BE USED AS
Mucorales-specific T cells may be detected only in patients with IM, at diagnosis and along the entire course of the IM, but neither before nor long time after the resolution of the infection. Such T cells produced predominantly interleukin-4, interferon-gamma (IFN-γ), interleukin-10, and to a lesser extent also interleukin-17, and belonged to either CD4+ or CD8+ subsets. The specific T cells producing IFN-γ were able to directly induce damage of Mucorales hyphae. None of the 25 patients without IM showed Mucorales-specific T cells. Specific T cells contribute to human immune responses against fungi of the order Mucorales and could be evaluated as a surrogate diagnostic marker of IM.
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For personal use only. on April 10, 2017. by guest www.bloodjournal.org From Invasive Mucormycosis (IM), the second-most common cause of invasive mold infections in hematologic patients, shows mortality rates approaching 70% of affected individuals, because of difficulties in obtaining an early and undoubted diagnosis [1] [2] [3] [4] [5] . Actually, a definitive diagnosis of IM relies exclusively on both histopathological demonstration and cultural isolation of the pathogen from the involved organs 6 . However, obtaining tissue specimens in hematologic patients is too often hampered by the presence of several comorbidities, and histologically proven IM may fail to grow in culture in at least 1/3 of cases 7 . Furthermore, neither serologic nor antigenic diagnostic methods exist and the use of polymerase chain reaction (PCR) has almost exclusively been limited to the identification and the discrimination of fungal species 8, 9 .
Adaptive immunity has been reported to play a crucial role in the defence of the host against fungi, at least in the case of invasive aspergillosis (IA) and invasive candidiasis 10, 11 , and the recognition and enumeration of antigen-specific T cells has been demonstrated a useful tool for the diagnosis of definite infectious diseases, in particular of either active or latent tuberculosis 12 .
We have explored the possibility that Mucorales-specific T cells are elicited in patients with IM and that their detection may be of value in the diagnosis of active disease. Table S1 . Informed consent was obtained in accordance with the Declaration of Helsinki, and the study was approved by the University of Modena and Reggio Emilia Ethical Committee.
The enzyme linked immunospot (ELISpot) assay has been performed to detect either Mucorales-or
Aspergillus-specific T cell, as reported 13 and described in details in supplemental data, on 80 peripheral blood samples (range 2 to 6 per patients). Time points analysed were: in patient 1, the beginning of induction chemotherapy, 20 days before the pulmonary biopsy, at the histological and cultural identification of Rhizomucor pusillus infection, the beginning of consolidation chemotherapy, and 16 weeks after the resolution of the infection; in patient 2, the day of cultural and histologic demonstration of Rhizopus oryzae infection, and until death in four further occasions during the course of IM; in patient 3, the day of histologic and molecular demonstration of Absydia corymbifera infection, three occasions during the course of IM, and at the complete resolution of the infection. All the other patients were analysed at least twice during the course of their either infections or chemotherapeutic treatments (Table S1 ).
The phenotypic and functional characterization of Mucorales-specific T cells has been performed with the cytokine secretion assay (CSA) as already reported 14 and described in details in supplemental data. Molecular studies, micromanipulation and single-cell PCR to identify Mucorales species ( Figure S2 ) were performed as previously reported 15 and described in details in
RESULTS
Identification of Mucorales-specific T cells
In patient 1, the ELISpot resulted positive for the presence of Mucorales-specific T cells producing interleukin (IL)-10 in the second, third, fourth and fifth samples, and Mucorales-specific T cells producing interferon gamma (IFN-γ) in the second, third and fourth samples. In contrast, no
Mucorales-specific T cells could be detected before the occurrence of the infection (at day +1 of induction chemotherapy) and long time after its resolution (day +238) ( Figure 1A ). In the 25 control patients, the ELISpot never showed the presence of Mucorales-specific T cells.
None of the analysed patients demonstrated the occurrence of Aspergillus-specific T cell at any time point (Table S1 ).
Phenotypic and Functional Characterization of Mucorales-specific T cells
In patients 1-3, Mucorales-specific T cells resulted: 1) predominantly CD8 + T cells (mean CD8+/CD4+ frequencies 3.62%/0.57%) of CM phenotype, producing IFN-γ; 2) predominantly
CD8+ T cells (mean CD8+/CD4+ frequencies 4.35%/2.60%) of EM phenotype producing IL-4; 3)
For personal use only. on April 10, 2017. by guest www.bloodjournal.org From 8 either CD4+ or CD8+ T cells (mean CD4+/CD8+ frequencies 0.32%/0.26%), the former of either CM or EM phenotype, the latter mainly of CM, producing IL-10. Mucorales-specific T cells producing IL-17 were also detectable, being either CD4+ or CD8+ (mean frequency 0.44% and 0.56%, respectively), and exhibiting, predominantly, the CM phenotype (Figure 2A,B) .
Lytic Activity of Mucorales-specific T cells
Mucorales-specific T cells from patients 1-3 were capable to induce direct damage to the hyphae of the two clinical isolates, similar to that of either PMNs or APCs. Only the combination of all the three cell types resulted in a significantly higher hyphal damage (p<0.05) (Figure 2C,D) . For
